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l-efl^ °fl.E.el -i-i- £^ zl XI 3£ ^^{SEMICONDUCTOR DEVICE HAVING 

A FLASH MEMORY CELL AND FABRICATION METHOD THEREOF} 

£ l£r #efl 7l^ofl n}-^- §2fl^| *H.E.e| +^7])°]E. ^ <g*$*}7] 7fl 

£ 2^ ^5fl 7l#°fl #efl^ ^lS-el #*]£| ^^.^a>o] cojaiA^ ^-g- ^^§> 7 ] 

£ 3^ ^efl 7}^o\] 14s. fsfl-l ^ae) s.^^ ^ ^^*>7l 

£ 4fe XU ^ Xl2 ^1 ofl<Hl nJ-S- «2fl^ ^lS-al ^ Bfl«g-§- 

.£ 5^r -g- »1 1 ^A] 4|6f| tcj-^. #2})^ ^12.51 <fi-$- ^*>7} ^ 7fl^-?l 

£ 6^ ^S| xi 1 ^JaI oflofl itj.5 #Efl4l ^^*>7] sf\& 

£ 7a ^ J£7j^r £ XU *H ofloq a}-E- 1-211 3 °H2.e] H^] XlS y o v ^* 



50-4 




1020010004588 2001/2/2 
£ 8a 5? 5L8j^ ^"^^ *U *M <^H 4^ ^S.^ ^ aj-^^. 

5. 9a ^ £9j£r 42 ^a} o^l oil <4€- #Hfl4=l ^ ^2 "J"^ 

101, 201, 401, 501, 801 : 71^ 

102, 202, 402, 502, 802 : ^^.^ 
104, 204, 404 : ^]9l 

206, 406, 506, 806 : #^7|H;e 

510 : #S.^7flolM# 

110, 210, 510' : #3.^7jM2= 

512, 812 : *)Ht]HS# 

112, 212, 408, 512', 812' : *1H7)He 

514 : l-S^TflolE o.^^- 

516 : 

420 : ONOf^ 

820 : ^}&^%- 

524, 824 : *\}7)7}±t^ 

526, 826 : 7)]o)^v}^3.%^ 

526', 826' : EnJ-^aL 
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528, 828 : ^£^#^5)1 °H 

530, 830 : d^^^^ 

532, 832 : ^ ej7l)o] e ^-^ov 

534, 834 : LDD^^ 
536, 836 : HAL0<8^ 
538, 838 : Jl^-S.^^ 
540, 840 : LDD^^o]^ 
542 : 

544 : tJl.ee}- oj^rx 
546 : Hi e^-o]^.eB 
548 : 

BL : wlse^tl 

CS : ^£i^ie}°J 

WL : ^S.e)-<y 

SL : -id^e^l 

£ til£^l nilSSl ^ JlS, # Cl ^^1^0.5.^ ^TflojE 
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(select gate) « 3^ #2fl3 *HS.B} ^ (flash memory cell) ^ 3. ^12: w 0 >»Hl ^rtr 

<42> ^Hfl-) Dflae) ^^oi -g-g-sH ^sl-s n. ^se] >go(| x-l^H 

^ OfM^, 315.71^; (circuit board) <Hl #*r£|<H 9X^= #?}^ 
±.7] 7} 7>^*1 "115.3 ^H^r. *£fl^l ^lS-el 7]#^- ^ q-^tr ^Efl 

5. 7fl^Al-7l^A^ 7fl#^O.S. o)Z]i£ Cf^*V >£<J] ^ = 7fl o] E 

€ (stacked gate cell), ^S^7)]°lS ^ (split gate cell ) ; ^^i^o] c o] 3]^ ^ 
(source side injection cell) ^ 71e}- ^ ^s-o] oit}. ojsi^- 

tfl*lH^ Yong-Wan Yi°fl ^tr *1^ ^ *)l5,455,792JL ^M1§1 7l#£lcH 5^. 
<43> ^eh^oI e ^ ^S-^Tflol^ (floating gate) ^ ^oj^o]^ (control gate) 7> 

^AS. 5^ ^Bflolcf. i^TflolS ^o] <^^] 7 > Mukherjee ^1 ^tr 

Pl^- s.^ ^14,698,787 7)^S)o] ^tf. £ 1^- Mukherjee €©1 7l^ 

(101) A cHl &£r. CHEI (channel hot electron injection) # °l-§-*>^ 

(104) sfl^i (programming) ^^1^^., F-N (Fowler-Nordheim) E)^ 

^ (tunneling) -§: °l-§-*>^ (102) #<^Mi ihTl *Ultr4. °l5-itr ^7l] 

o]E ^o. ^ ^ 7]y} ^ nfl^-cH] ^ael ^ ^S.Ai 7}^ go] A>-g-5l 

^cf. ^tIMe *)o} nf^. ^ a] ^s-o] h. Watanabe f-°fl ^Itr ^ ('Novel 0.44 
um2 Ti-salicide STI cell technology for high-density NOR flash memories and high 
performance embedded application ', 1998^1 IEDM Technical Digest , p. 975) tr^" 
^ ^ ^Ji ^199-48775^1^1 7l#£]<H 9X^. 
<44> o]e^ i«}7||°lH ^.4-«l 0 l5ll 0 lS (over-erase) §-^l°lcf. -2.^-al °1 elH^ 
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(over-erase) ^TlMS ^}^\$] ^7] ^ ^ S. 1$ #3J8>fl°lM (110) 7> 

34£^}7fl cli^l (discharged) °fl iH^+t}. ^sHl t]^*>*l€ ^ 

(threshold voltages) £r ^ M-^^rf. nJ-eH , s£o) ^ ^1<>| 

TIME (112) e)ol^ ;£<y- (read voltage) * 7 r <5 r *l #e)HH:£ ^e 7 > *s 

M-tt Peri egos 2} *r *l^r ^ *fl4,558,344JL<Hl 7]^£|<>| ifi 
(two-transistor cell Mi *>M-fe Samachisa -f^l ^tr *l^r ^] 4 , 783 , 7665. 

ofl 7l#£|cH ^S^TllolE ^ojcf. Periegos -S^H^- ^^e^^^eI (select 

transistor) 7} *fl-§-£}$4. Alias]*! uflo^, ^^TflolE ( se lect gate) 

7} 34£*>7fl t^* F *l^ #5-^7)lol e S o]tr ¥^ (leakage current) # 

w^l^tf. ojs}- -B-a>$>711, Samachisa ^S^Me ^H-b ^tIMe t\^-o\] 

*l^r ^71Me. ( a select gate portion of a channel)^- °]-§-sH elM 

olE *fl\g ( a floating gate portion of channel) S, ¥^ ^7]Me ^ 

^ (a select gate portion) <H1 ^ltr^r. °H , ^M^MM-^ ^ .2.5. (turned 

off) sq<H 

^1-^- #efl^ CHEI °o v ^°fl S.S.zl^ o] CHEI °<H^ ^Sneflnj j L ^- 

<47> CHEI y o v *Hl ^tr M^2] SSZLSfl^i Jl-§:# 7fl^A]7l7] SSI € 
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(source side injection cell) 0 ] Wu -f^l sltr v}^? ^ *)14,794,565Jl2}- Mar 2) 
tl n]^- m.*} ^15,280,446^ <HH °>£l & 4 . ^ 2# ^-S^ , Wu ^f-sj SSI ± 
(202) s}- ^eflol (204)^- 7l# (201) ^M] ^3<H $X^. ^&\7l)°}^ 
TSiQ ±SL^ ^»?7iH e ( S idewall gate)BfZL£ 1-2^ ^ 7iH e (206) ol 

nJ-eM, *fl<H?IMS (212) ofl &<&o] ^e^, ±.SL£i (202) 3. Jf 

b) #^^7flo]E (210) HE I (hot electron injection) 7> ^i-Ml ^c)-. o] SSI 

-i^l HE I ^Bfl^ CHE I U-^ Jicl- S^ZLEfl°J JL-§: 1,000 - 10,000 «fl 7fl 

<48> ^g, M0N0S (Metal-Oxide- Nitride-Oxide-Semiconductor) ^iHlr *fl3.£ *H 
2.E} -go] = s.zi^ *i<?M: ^ *H°>£l ft*}. °1 M0N0S €^8r ^ (tunnel 

oxide layer) ol^JL S}^ ^H]^ ^^r^, ^^-^ HsK v ^ ^ ^sj-^" (top 

oxide layer) o]^ -g-elfe ^ ^s^K^S. ^€ g3=-°r -°r^^ X^tf. °1 

-n-^i^ S>£^1 7] ^4 ^H^He a>o]<h] 7fl*1|£M ojcf. M0N0S ^ '0' Q 'l'S] 
¥ fes} >M* SHrtfl, #x}7\ gj=£ -fr^S] tflofl ( trap) s) 

<H Si-^ ^3 '0' ^Bflolja, ^^>7> ^S)-^- (trap) =M 

feal T M0N0S °J ^17> Chih-Hsien Wang -f^l ^) tt ^ 

5,930,631^1 7l^S|ol $icf. Chih-Hsien Wang f-^ (402), = ell°J (404) ^ 

=efl°J A>o]6fl ^^Itb *ti^°l 71^: (401) °fl SU^r. -5d «? XM M ( 40 6) 

7> 71^- (401) #«fl ^^=1<H 9X^. 0N0 (oxide/nitride/oxide) # (420) °] 
(406) Q 7]& (401) >M ^^s)<H ^HTflolE (408) 7> 0N0# (420) ^M] ^ 

£1<H JE.ell°l^r LDD (lightly doped drain) *fl-g-*M ^efl°J ^ Jfeofl 
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*1 Sr *flsM (hot carrier) ^^ltbcf. ss.H'g *1 , * ?fl^<H7> 0N0^ 

(420) £.3. (tunneling) «H , ^s^f^l i^^f. °1 "fl , *lH>fl 0 lM (408), 

e« o] e (406) g H.efl°] (404) ofl HHo^i (positive bias)7> ^E)JL, 

(406)^ 3*1 (ground) £4. dLTj ^ a], neflo] (404) <*| ^ 7}*}51 , ^ 

^TflojE (406) ^ 5.= £)5^r tlrcf. *H^-g; f^V ^^-^ ^o] 4*7] %-^o] ^ 

nfl-g-ofl ^HflTflolE (406) ^ #3 i£f <3^g- 

<49> i£tgol ojJfLjL*} ^ 71^^ -^Tr € 3.7] 7> ^^SlJl, ^SZL^ -g-^ 

91 33* &«l*Mr ^DS-el afl^sRr 31 sat}. 

<50> -a- ^o] O] =-ZL7> sHr Cf^ 7l#^ 4^1^ ^ 3.7} 7} &\±_$-S)JL, ^S.H^ ^ 

<51> (^) 

<53> -S-^-g- ^^71 o}s>a} Dfl2.E) 

5fe 71^ S^Cf. ^"71 7]^ ^-71 i^i^ ^-71 = 31*] A}oHl t§^^ 
$Hr4. ^CrJi^^^ol #7l *fl^ Aj-ofl ^a^£)c^ 01J7, ^ol7flolE 7 > #7] #5]- 
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<54> S.^^- ^*>7l'^*H £ ^3 DflS.^ ^2: 

7}% #of| ^5>JiL^#-i; ^*Rr #31 ^ ^"71 #*}jiL^ ^Hl *\}o]?)}o}^^. fgA$ 

*8^th=k ^"71 ^i§>^# £ ^71 XH7fl ojE^ «.«-^o. S ^T^t}. o] nfl, # 7 ] 

7flo]E0>^^ #7] ^sj-iL^ ^ ^"71 ^l^TllolH ao) cg<* o. ^ o) 

<55> 

<56> o]tfr, #3^6) «>^*V ^1 ^1-1-a- ^1*1 ^tr^. 

<57> £ 4^ #5fl3 nflS-G) -t#^ Wfl<l^- ^<5>7l ^tr SlSSolc}. £ ^ 

tgo] =^4^ ^) £e ] oHeej^ (matrix) ^nflS «fl*l^ ^7fl5] #sfl^ ^5.2] 

S^trth ^, # y o v ^ ^ ^iH^s. «fl^]£)^ Sicf. ^ -i (unit cell) 

^ ^ 7 flSl ^) = er<y (WL) 4" ^-^7H^ Hlm^o] (BL) °fl 3l*fl ^€ 
ZfZfSl JS^ofl fl*]^. D|E3jA ^ofl^ V 4 » n *^ ^ ojcf. 

*lll ^ a] ofl ^ XI 2 41*1 oflo} ^ ^M^tf. ulMel-o]^ ^^SLS. ^ 
^Jl, $| = eK!£ ^^0.3. ^^cf. a 0 v 71 afl <^ gc^. ^ 7 fl^ AjBH^o] (SL) 4 
4^71]^ ^±2.^°} (CS) 1- S#th=k ^^^^4 ffiiAE}?!^ ^a 0 v^ 

AS. <S^cf. ^c^o]^ ^em^o]^ sfl^- -^-g-^A^ef^oll tflSfl ^«J^ofl £M tfi^j 
afl*lEM 9X^. °13£r, ^#*Hr 3**1^, = ^ €°1 ^-*^^^<a 
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<58> £ 5^ -& ^]l ^A) oflo] ^sfl-| v\)S.^[ ^ ^Z\7] ifltr 7fl^<y ^ 

S.o)jL, J£ 6£r S. I-I' *H 4€r °J ^iolcf . £ 52]- £ go. 

(530)^ i£i (502) ^1 cflsfl cfl^joj - 7fl o] ^ ^ ^r^jr oi,} ^ - 7fl o] 
^-^ ^i^^i^- (530) ^ ±.SL^ (502) -§: ^-°-*>JL, i^^^r (530) ^ ^o_i 

(502) ^€ ^ *rM^ ^^H, ±SL^*m (530) 4 ± 

(502) ^>S€ ^ -SL^l-ol 4€- *>4^ tMS 3E. 54 ¥ 7fl 

< 59 > £ 6-i- #5:^ , afll lE^^l (501) # (502) S\ EL 

#jl °J4. °1 (502) 4 EL3i<y^ ^n^-i- Ai-oioi] --ji ik°\A °J4. 

S^i^^^r SL^S (doping) 9Xt±. ^5fl°J^ LDD (lightly 

doped drain) (534), HAL0^°4 (536) ^ Jl^-i^^ (538) £.3. ^ 

SL^ (502) ^ *)U 51 altfl £^oj ^ 2 S^^ojcf. LDD<3^ (534) ^ -H^Sl^ 

^ (538)£- ^ ^12 51*1^ °14. zlsIM- LDD^^ (534) ■& Jl-^Jt^ (538) Ht} 
^-£o1ji ^ ^ols u^-cf HALO^ (536) £- ^1 LDD^ (534) o>2flofl 

^^1114. ^kh^^ « w ^ (502) °fl °j^*>£^ ^^it^. 

^ojo^o. ^-^^Tjlol e o-^nv (floating gate dielectric layer , 514) , #5.^t)Mh 
(floating gate, 510*) ^ °J^#s1-n-^l^- (inter poly dielectric layer, 516) ^- S.^ 
trcf. ^l^TflolE (512') 9\ A\ ol spj-^fi (526') 7\ ^i^^oj^ #ofl £*mo_3_ q 
%-S\o] olcf x^o^ iL^o], 7l]olEn>^ 3 (526') ^4> V # ^ 

^r^^^BflolA-) (528) ^ ^riL^^ *)Ht1He (512- ) 2} ^tfofl ^1^:4. 
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(530) £r ^71^^.5. 4i.2.i (502) 4 ^^4. i^.^^ (530) £ ^§>^^ 
^H^MM (512 1 ) s. ^^^^3\)o)^ (528) ofl Sl«fl ^7l^o.S 

^^S|<H 5U^. ^^7flo]E 0.^01. (532) o] ^*>^^^sf ^H^He (5i2- ) $i\ t\-& 
Zl^o) &^ , ^j^TllolE (5i2- ) ^ <$^2] *fl^ Aj-ofl <§^sl<H o^rf. ^5)1 

<>H ^ ^^TflolE (506) 7} ^^TflolE o.^nV (532) #ofl . 

LdD^)°}*\ (540) 7> ^7flol.e (506) £14. Hl^eKl^ (546) °] 

£<&i% (542) ofl oicf, ti] Ee|-o]^^- (544) 7f (542) -#Jf ^ t"lS £}-<?} 

^bh (546) iflbfl ^a^s)<>| 014. w] e^-o]^^- (544) -g- ^H^S £1 efl <?1 -4 . 

<60> £ 51- , $H3<8^ (548) 71^(510) ^HhlMl <£^th 

£*]*>*l*r ^XM^, (548) 2)- -y^*V 4^ *^<8<3 *>°W*r ^-e^^H 551 

<H ¥ %^<3^# ^-^Al^lcf. #^<3<3 (548) dt^.^ (502), ELZ.]}°1 ^ ^fl^ 
S^r^K #^-^7llol e (510') Q2\ t}€- £.€- ^-8.^5. ^ ^7l^o_S ^^21 
<H 5^U ^l^tb €5. "S^^lS. SHr^K ^fl<H7l]olE (512' ), 7llo]Ep>^aL (526"), ± 
£_^^3\}o)X] (528), ±SL^i^ (530), ^d«j7flolE (506) ^ LDD^b|| 0 H (540) ^ 
^«<KM1 9X°] 91^^ 4.3. <3#^4. (WL) -8: afl<H7lME (512') 3. ^^cf 

. ^*^i5^o] (CS) (530) JL3. ^^4. ^eKJ (SL) £r #^»M 

J= (506) 3. ^^^4. wlE^-o] (BL) ti|l£}°]^ (544) 0.5. ^<gcK JEA]^] 
»5ft^m, °1 a|S5}ol7j^- (544) o. ^Hj-^ofl o]^*V ^ ^^cf. 

^1 
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<62> #7] afll ^ A\2 <^<HH €1:^ S.S.H^ aflojj f CHEI°] 

^ 5U4. ^, ^-EL5}o] (WL) olf U|eb}o| (BL) °\] ±^ 2i&9) °^9] £fe 
^i^lr-i: 7}*}*), #x}7\ o]E. (510') 0N0#^ ^S)-°H1 ^ 

. SEtt St* 4d«l ^oKg. ^E«e}ol (SL) °fl 7>*H ^o.^ (502) 4 

= efl°J ^r°H -H = Tr *fl^cf. tcfB}^ ^uj^o) ^7H>Kr 53-8: it ^ & 

cf. A o v 7l ^ ^hh^oIe (506) <4 *}<5}iL^<* #<i| ^^1 <g<*H] o];*) 

^oflAi 7^ ^7]^># -R-^l^l £H, SSZL^ Jl** #7> A^tf. A} 

<63> #7l iB»^ ^ °iHl &<H, HHI (hot hole injection) 7} A}-g-^ ^ 014. ^, 

«112}°J (BL) St* ^ 4i7l^^ 7>*H, ft-S- (hot hole) °1 #5. 

^7flo]S (510') 5E^ ONO^S] ^sj-Bi-ofl tt4. ^JELEKl (WL) £ 3*1^4. 

Ci^q-, <8=^ St* 3"TT A]l«^oJ.o. AjEH^olE (506) ofl 7>*>c^ ^ 

** 7>^Al?jo.s^] $f2] (injection) * ^*Ul?lch 

<64> £ 7a ifl*l 5. 7j 5? H 8a £. 8j^ afli <£X\ oflofl tcJ-= ^-efl^ nfls.&| 

€^ H o V ^-i- ^^^>7l ^ 7M£ o]cf. £ 7a ifl*l 5. 7j^ ^^£<?1 £ 8a 

5. 8jS] II-IT n}^ ^-^£ol4. 

<65> £ 7a ^ £ 8a# , £ 8a°fl^r 3E*1 #5**1 7l^ (501) H>^-*|SM)fe- 

^eJ^S ^sqoj $14. 7)^ (501) £■ 51*1^ 
(doping) $14. oflSA-l, 0} (boron) ^14. £ 7a^l^ SAl^l 

^lth LOCOS S^*] « 0 V^-g. o].g-sM %Ajcg^ (548) -g- 7]^ (501) <fl ^ 

^tr4. (548) ^^o 1 -^ 0 !! AZ°i tl^^b -flS ^^4. £ 8a^l^ i^l^] 
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#5**1 ^^TlM^-fr*!^- (floating gate dielectric layer, 514) # 7]& ^ 
-^W. €^^^olM o.^nv (514) aV^^Til^ (501) * <I^5H?H 

^e}-^ SE^b CVD (chemical vapor deposition) ^*fl ^€ #3- 
^s\-% (silicon oxynitride) 3. ^sj^. (510) * S-S^tIHe-O^ 
^ (514) ^°11 ^^tr ^ , 5LS/ofl%l (photo/etching ) ^ 

(patterning) «H , f^^H Si 0 ! Si 3$ H-S- W". l^TlM^ ( 5 i 0 ) 

^ej-^Tti^ £^§^ cf^^ £r #elA>o]^ (polycide) S ^^cf. £ 8a 

<Hlb HA]$>^1 #^1^>, ^Ei-^el-n-^m- (inter poly dielectric layer, 516) #5. 

^TflojE^ (510) -#6\) ^^*Vcf. olEil-Sl-a-^nV (516 ) ^ yj.^^- CVD yj-^ofl 

<^ ^3^- Sr ONOf^A^. ^tbcf. #^^7ll ojE o.^nV (514), ^S^Tflo] e 

% (510) ^ ^Ei^ej-S-^Bf (516) ^ *i*riL^## ^trCr. *)H7flo}E^ (5i2) 
^lEll-el^-^i^ 1 - (516) ^H] ^tr^r. ^HtIHe^ (512) ^ yf^r^Ml^r 5E.s§& cf^ 

<66> £ 7b ^ £ 8b!- ^S^-ig, ^I7l7>^# (disposable layer) * ^H^Me^ ( 5 i 2 ) # 
<H] ^W^f. H}7] 7}^£r ti>^^>7fl^ ^E]^ ^^S. S£/ofl^ ^^^1 

^7Hr^-g- sfl^^l ^1^7l-^3flll (524) # 7\)o]?\}°)I=%- (512) #<*fl ^ tr 
cf. ^^7>^3flH (524) £ cf^ 7] 7Br sfl^^r dt^*! -§-7>^ ^f-Jl ^o]^ oicf. o] 
5a<H ^^4. ^Tjy}^^ (524) * o]^oi n^a. 

£- A r-§-*H, u ]i (arsenic) 91 (phosphorus) 4 ^ 7)& (501) ^ 3. 
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7) °}^<$£: ^o^o} 7j-^A] ^ SSZL^ ^ A] , ^ <g ofl 

AiS] SS-ZI^ Jl-§-§- ^^lAj^Cf. A> 7 ] oj^cyo. tS^TflolE^DV (514), 

7lH]=# (510), Sl^^-fr^ (516) ^ ^ol^olE* (512) # #-§-*H ^l^tj-. 
oldi (arsenic) <?] (phosphorus) ^-^ *|| <H >D o] e j£ (512) ^^sf 

<*| *\}o]7\)o}jb%. (512) ^ A]2j 4 s 5U^. «W ^T^Bf^ (524) 

o. c]^-oi uV^^S A>-g-trCf. 
<67> 5L 7c ^ i 8c# #2:^, TflolEu^H^ (526) * ^^f# A cM] ^tr^r. ^ojEu} 

i^t (526) wKM^Mlfe ^>5rl-S. 
<68> £ 7d £ 8d# #S*>^, 7flolSn>^^# (526) * o1«^ai^H ^l^TflolH^ 

(512) tf^-S}- ^T^^li (524) ^ ^H^i ^A Q Vcq 7flolEo>>:3. (526') # 

^^tb^f. TflolE^a. (526') ^U-^ofl *l^tr -iS. <S#€tK 3l^r*fH, § 

SlMMS-fr^ ( 514 ) ; fs^TllolEf (510), ^l-el-R-^lei- (516) ^ ^H^o] E a 
(512) * ^z^cf. <>H, tIH^tj}^ (526') ^ 7ll7l7>^sfl^ (524) * 

a}-§-*}o} ( 7]^- (501) * 2n#Al7lJL, diiiiM (550) # ^^frcf . £ 8d<^l^ 
HAl^l^ &#*l°h 71^- (501) ofl ^*}<*| ±2.^ (502) * ^*><=f. 

o] nfl, 7flolEn>^a. ( 52 6') ^ ^)>\7}^^ (524) * <>l^ 0 d -4-g-W-. 1 

(thermal annealing) «- -^l*r^ ±.2.^ (502) ^ sW ?J ^ 

<69> £ 7e D ^ E 8e# , di_2.^^:±:2fl (source-side spacer 
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layer) -g- ^Hl ^^^4. ±SL^ + 3\]°}M^£r #^-§-3. 

^th}. ±2.^^z\)°)*]%-^r o)w 0 V^Aiz]-sH i-S-i^^H^I (528) 1- SS^Tflol 
E-H-^i^ (51 4) ) I^tIMe^ (5io), tlEll-sl-fi-^^ (516) £ ^H^]o]e^ (512) 
o) ^*jofl ^^^j-cf. d^i^^H^i (528) ^ SHNH 91°] 91^^ €S 
<?o> £ 7f ^ £ 8f» ^s}^ , A cHl i^-^-g-^ (550) 

t}. ciii^^l^-^-ir (etch back) Sfe CMP (chemical mechanical polishing) « 0 V 

^*fl ^^K 1 (polishing) ii^-^^i^- (530) * i^i^ (550) vflofl 

t}. d^^*!^ (530) ^ ^oH^l 9X°] ^ 
<7i> £ 7g ^ £ 8g# ^S*}^, ^1^7>^3ll^ (524) * s ^ ^AiAi^ ol-g-^H 

*1171 *V^r. 

<72> £ 7h ^ i 8hl- , E o_^n> (514), ^^?\}o)^ (510), ^B]# 

El-R-^ (516) ^ ^HTflolE^ (512) # tq-A] ^z^-trcf. o] nfl , 7l)ol]=o>i£L (526') 

dtiLi*!^ (530) ^ ol-g-§H , #S^7l]olE (5io- ) ^ 

^cg<* ui ^)o]^ol e (512') !- ^^JI 7]^- (510) ^^1- 2t#Al^lcf. o) nfl, ± 
SL^A^ (530) S. ^ ^°17> ^ 01 cf. #S.^7llo]e (510') ^ *1H 

TflojE (512-) ^ ^^ofl o}^ o]^*V €5L <3#^4. 3l^r*lW, ^d^THlol E_o_^ov 
(532) # ^41" A oHl AjgjTjlolEO^^ (532) wl-^^-Tfl^ C VD 

^l^TllolE o-^nv (532) -g. ^^71 #6\] t £0- c^^ul^ ^V 7 ] ^#5] 

<73> £ 7i c ^-2:^, °] #61) ^A^^-cf. ^^TflojE^o. H |. 
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^TflolE (510') ^ ^1 ^ 7fl °1 J=. (512') =lr«Hl ^^TflojE (506) -§- 

^H»t]He (506) ^8r 9X°] 91%$: €5. <£#*H=K , £ 8 i<Hl 

^ SAl^l <&9);x}9l, °]-gr^ 0 J§H 7l:& (501) *11 LDD^ (534) # ^^l, 

H^-i: ol-^^oi^fcx] LDD^^ (534) s}-*f°fl HALO^ ^ (536) ^ °1 ^ , ^7]) 

o}^. (506) -g- ol-^^oi 
<74> S. 7j ^ £ 8j«- #2:^, LDD^^olA^^ ^i-ofl ^tb^. LDD^H^f^ 

*\ (540) # ^I^TflclM (506) «*^<H| ^^t}. Al^TllolE (506) ^ ^IHMI 91 

<75> £ Sj^TT ^SM^, ^^^H 71^; (501) <H] -H^£<3 ^ (538) * 

^ ^ tb4 . Jl^i^ (538) 1-^1- ^£^r LDD^ (534) ^ HALO^^ (536) ^ 
^£ i4 ^4. Jl-^S^ (538) LDD^^ (534) 

^ HALO^ (536) ^ <^!- -#*flsH ^^^cf. o] nfl , LDD^H^ (540) ^ ^d^Ml 
o] m (506) 1- oj^cy oj-g-^j-cf. ^^s. eg ^ (538), LDD^ ^ (534) ^ HALO 

(536) ^ =3l°l-t- 

< 76 > T^l^Ai, ^^m, ^-^91 wfl^l ^3* ^9!^ ^4-1- 

<77> S. 9a 5. 9j^ -g- t^s] *fl2 ^ #efl^ p)lJ2.e] y o^* ^ 
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<78>£ 9a# %^}^, (801) £ a>^^X|fe ^^^o.S. tM^sM 91^. 7)& 

(801) £ m H^gsM °1 i±^°l^. £^1^> 

*l^r ^M^, $)1 41*1 f-^t!: ^}J±=&# (820) 

* 7l# (801) ^iL^* (820) ^^}t]}^ ONO^l^. XHtIH 

—%~ (812) -g- afll ^^s. *§^*ltf. ^I^tII ollf (812 ) *§s$-s\ 

<79> £ 9b-& ^S*}^, *fl A 7>¥4€ (824) £- afll ^A] cml^f ^ g.3. ^^ttcf. *ll 

T^B^e} (824) # o)^^oj n>^ 3 ^ A}-g.S}^ t aj^ oloZf S^g-fr 7}& 

(801) 51 <S*H ^oj^- ^ £ olcf. ^-71 ol^ol o. cgo^^S] j^o} ^ £ 

1- ^A^ SSZL*» ^ A], <3*HHo] ^S.ZL^ jL-i:* ^Al^lcf. Aj- 7 ] o] 

^rSJ^r (820) ^ ^|^7|olIf (812) ^ ^Aj^cf. H]i iE^r °] 

3f ^ #£^-§: ^l«H7)]c>m# (812) oil ^l^Tllole* (812) 2] # 

7> A]^ ^ 0}^. olufl qx\ ^} 7 ] 7 }^-^ (824) # oj^oj A>-g-*j-cf. 
<80> £ 9c* ^J-S*}^, 7\}o]E.^}^3.^ (826) afll ^-^*V ^O-S. H^3h=K 

<8i> £ 9dl- ^S^, 7flolED>^^^ (826) -ir °1 u oM3^ (812) Aj-JjLsj. 

XlT^Fg^sl (824) 5] ^Sf|o]Al ^#sj TflolEp^a. (826") «- $^tK 711 

o)^v}^=L (826') tt ^IHMI 91°] 91%^ -iS. <£#^. ^§>^.## 
(820) ^ Xl<H7flo]E^ (812) -8: °H . tIMe^S. ( 8 26') 3l Xl7l7>^3fl 

€ (824) * ^ n>^^^ 4-§-5}o] , 71 # (801) * ln#Al7l Jl, ^^.^3. EH (850) -§r 
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3^4. ±2-^ (802) "* *U ofls). S^tK l^sl* ^a}^ 

°} (802) 5] ^SM^i ^r.£ $14. 

<82> £ 9e« d^^f^oM (828) » #*KiiL^# (820) ^ *\}°]7l}o)^%- (812) 

< 83 > £ 9f# #2^V^, i^.^^ (830) -g- (850) ^ofl *fll ^a] ofl<4 ^-<H*> 

<84> £ 9h# ^S*}^ , ^§>iL^# (820) ^ ^H^Mef^ (812) # tM ^4^4. o] xtfl , 
71|o1ed}a3 (826') ^ (830) * ^4 ^>i^S. ^l-g-^H , ^}iL^^ ^ 

^HTflolE (8i2- ) # *§s§-&}JL 7)& (810) ^ H^-l- ^#A]^1cf. o] nfl, 4^^^- 
(830) £ ^o] 7 > ^ji^^ ^ ^H^l o]e ( 51 2- ) 

9X°] €S ^^c}. Tfl^MH, AjejTiiolE^^nj- (832) * 

Aj-ofl ^fltf. Ai^TflolE o.^^ (832) a>^*>7ll^- CVD ^s]^ cf. a} en 

7flolE^-^n| (832 ) -I- ^*}-7l ^ofl, c^o. ^AV^nV^ aJ- 7 ) ^#5} 7^ Aj-ofl ^ ^ ig- 

<85> £ 9i# (820) ^ ^HTflojE ( 8 12') ^«H) ^H^l ^Aj-o] ^ 

«MMj= (806) # *lll ^Al ofl<4 f^tl ^^sflAi, LDD^ (834) 

^ HALO^ (836) # *)U ^a] oflsq. -g^*}- ^^tVcf. 

<86> j£ 9j# #S*>^, LDD^loH (840) -8: ^^7flo]E (806) *fll ^a] ofls>}- ^ 

^^4. 71^" (801) ^1 JI-^S.^ (838) * *fll ^A] a))Q\. %.<£f£ ^ 

^5. *g^$4. JL^S.^^ (838), LDD^ (834) ^ HAL0<3 <3 (836) ^ 
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<87> T^flA^ ^-Aj-^o) yfl^ ^.^o. ^ ^ ^ ^^j. y^O.^. ^A)^. 

5*^. ^, £ *)U £ 7h SE^r ^12 ^a) o^l^ S. 9h ^, ^^^0]^ 

<89> ^-rgofl^^ ^1°^ ^ <*| «1 A>-g-^>^Cf. ^A] ^H-^A^ Aji^ 

(deposition) *>J1, <>1 ol^<&jzHRr 3} 3. ^tB}. ^a^ ^s)H^ 2^ u| 

wife ^ ^ ^^^cf. i=M ^ t ^1 ^Aj§ 

i^eliZLHfls] (photolithography) tMl ol^S^l ^ 014. ^^o.S. 

<90> i£^o] ^ 2 ^Al ^ofl 45^, £ 9 a o| ^jo^j o]H^ ^ ^ #6fl ^^1-£L^#<?1 

0N0## 3flE^^- ^£.7} ojHH^, £ 7a ^ 8a^ ^i*^-^ 
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^.a.7> ol-o^ 0N0#^1 1-^°H^ (charge) 7} & Q<=1)*\ 

<91> 
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11 

#7l ^Hl aj*^ #*>iL€^; 

#7} ^}J±^^ #<*fl ^HTflolH; 

#7l XHX1 O] E #ofl ^olEp^^S- i^-sfS], 4>7l ^]E D }A£^ ^ 

°}*\ 33* fl-^^-S. #51X1 oilSL^ #*i. 

[^^J- 2] 

XI l &<X^, 

#7l 7l^ #Jf<4 #7] ^ofl ^§#^ ^TflolE ; 

#7l S^KS.^^ 4^ ^>M-^ Sl^^M #?1 71^- oil £3^; 

#7] ^Ji^^, #71 *fl<>MHje, #71 7flolEp> ia . ^ AV 7 1 AllflTflolMl- £ 

3] 

XI 2 ^1 5a°H, 

#71 X|l ^ itofl cflsfl cfl^l^Tlll- ^1^1-Jl #71 Sl^^-i: ^-fr*Kr XI 2 ^ 
4] 

XI 2 %H1 ^<H^i, 
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#7l afll #3 #7] ^d^TflojE ^ttio)) LDD^^fl 0 ] A i-8- C] i^Kr 33 # 

«fe l-fl^# *KE*fl °flae) #*1. 
5] 



1:*!^ *K£*fl ^5.2] #*1. 
*H 3 

#71 JE^cgcri ^-ofl dlS.^^* Cl 5L^-*>51, #71 *H7fl 

fl^T# *KE*fl DflS.^ #^1. 
7] 

*fl 2 * 0 H1 

#*1. 

[%^^ 8] 

*H l *cMl 9X*\*\, 

#71 *U}j±^<*i£r, 
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#7l 71 #°fl «§^m #5.^7llolE o.^nV; 

#7l #S.^7flolM^-^i^- #<*« #S^7flolH; ^ 

$I*IH3 i&HSfl °11S3| #*1. 
9] 

*ll 1 %H1 5a°H, 

#7l ^K&L^g^, 0N0## £#*H=- ^HJilS. Sj-fe -M-fl^ ^-£^1 ^12- 
3 #*]. 

10] 

#7l iii * -8-71 =efl<y A>ol6fl *flvg; 

#7i *H£ #°11 ^£ ^m^^; 

s$ 7 ) ^K«jL^^ #<Hl ^€ ^l^TflolE; 

#71 €*K&L€^2|- #7] =efl<?l A}o]o)] ig#^ ^d^TflolE ; ^ 

#71 #*}Ji^§^, #71 *fl^ f #71 #71 ^HTflolE * #7l Ai^^olE 

« 5Hr *lll cl it^fb ^ *K£*fl «)l2.el #*1. 

[%^# 11] 

*)1 io &<>H, 

#71 *fll #31 iSofl tflSfl tfl^^ll- -&-*l*Rr *}2 « Ci i^fS} , #7l 
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*fll ^ ^ #71 ^2 ^ ifi^r ^-fj-*Rr 3* ^.2.3. #?]^M3 

12] 

*)] 10 %H] 5U<^, 
13] 

*fl 10 *<M1 5U°H, 

til£^l ^ls.^ 
14] 

10 *<M1 &<H*1, 
15] 

10 5U<^i, 
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[3t^ 16] 

*fl 10 %H1 5&°H, 

A J"7l 7m ^Hl #5L^7flojjE=-{f*i^; 

#7l ^^^TflolE-O ^dV ^H] #S.^7flolH; ^ 

SltHg «K£*fi ^12.3 
17] 

*fl 10 9l°l*\, 
18] 

7l# ^Hl *d^ii^#* ^^^>b ^1; 
19] 

*n is ^1 
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#7l ^|E P fA af *|#*Kr #31^r, 

#?1 *}°]7)}o}i£^ -S-ofl ^It^h^h^ 3#*H=- #31; 

#7] ^HTflolEf, ^ # 7 1 ^7>^^^ #<*fl 7llo]En^£L*^ *g#*H=" #31; 

#7l 7flolMP>^^^ <a^-» ^71 *H #?1 ^l7i7>^-ir}]Ei ^ofl 7fl o] E p}-^^ 
^*Rr #3l» lf5}b 3# ^SLS- ^ ^£^1 DijS.^ #*] TflS «o V ^. 

[3^8" 20] 

19 %hi 5&°h, 

#7} ^ #7l *lH3HJ=^|- T^T^Rr #31tt, 

#7] 7]}°)^v\^3. ^ #7l 4^7}^^^^ n>^35. # 7 ] ^^^^J2f 

#7l ^7jlo|Ift #7l #7l 31 o] E ^ #7l ^7H7>^5fl^ 

#71 #71 ^H7llo]M#2l ^^-1- ^-71^ #31; 

#71 ^I7l7>^sflia^ : ^T^Hr #7jl; £ 

#71 31^1 Ep>^31- «H ^71^1 #7l ^^#4 #7l ^H31°1 

E^o. Alz^O}, #71 7flo]Eo>^a. ^Jfofl ^^TflojE ^ ^tsRr #31 

* S^*Rr *}^r 1-$|^# #51*11 #*1 *ll2: 

[^T^ 21] 

*fl 20 %H1 5a°H, 

#7] ^H3l°m^l ^l^t!- #7l 7l^ofl c+Tll; 
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#31; 

-Ij-^JlS. 5}^ M 1 !^ ^H^l ^12- *\]2: «o V ^. 
22] 

18 %H1 Si^i, 

5. S>^r *^|^ °fl£Sl S fHj. 

23] 

*ll 22 *J-ofl ^o^a-I, 

5.^ wj"^. 
24] 

*ll 22 %H1 oic^, 

^-71 ^ej^ojE^ ol^oi v}^3.3, *H LDD^* 7l#ofl ^*Rr #7fl ; ^ 
25] 

*ll 18 *cMl 5U<H^, 
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^7l tS^7flolE^^B| AVofl ^S^TflolEf, ^s}^ ^Tfl ; £ 

^•71 ^S.^7flo]E^ >y-ofl olB]#El -fr^^-fr ^*Rr #31 S#*H=- 3^ 

261 

^1 18 *cHl 5a°H, 

#7l ^*>^.^-ar ONO^^I 53* lr$*H3 ^tS-^1 oflS-3 #*1 

2: . 
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